INTRODUCTION
Lightning is one of the natural threats that have to be considered for safety reasons in the design and certification of aircraft. The knowledge about aircraft lightning strikes is based on three major research programs studying lightning strike interaction with aircraft: NASA Storm Hazards program, USA/FAA Lightning Characterization program, ONERA/CEV Transall program. The in-flight measurements suggest that most strikes are an intra cloud strike triggered by the aircraft itself and typical waveforms of lightning current consists of five components (see Fig.1 ) [2] . Aircraft can also intercept the generally more severe cloud to ground strikes that have been measured with ground based instruments and these data have been used to set the upper limit to the currents during certification tests. The parameters of current waveforms are presented in Table I . The most important for direct effects damage are the continuing current charge transfer and the return strokes (large action integral).
Our aim, within the frame of European ILDAS project, is to construct sensors, which allow to reconstruct the path of the lightning current through the aircraft. The simplest way to measure current flowing along the aircraft surface is to measure the magnetic field generated by the current. A twosensor approach is preferred, one for the large amplitude fast component another one for the low-amplitude slow component, which should cope with the presence of the former. For continuing current has a low amplitude and low frequency content; two different probes are possible: firstly, a solid state sensor and secondly, an inductive coil with large area to capture low frequency fields. The sensor is intended to measure the continuing current. But it is also exposed to the short time strokes having large amplitudes of magnetic field. The sensor should be able to cope with this, without measuring it. In the case of a solid state sensor, the large field will cause the sensor's saturation giving a distortion of the continuous current signal. A properly designed shield can filter the short time magnetic fields with big amplitudes. The preliminary solid state sensor selection has been described in [3] and the shield calculation and the solid state sensor test results have been presented in [4] . These will not be discussed here. For the fast A & D strokes, an induction coil sensor based on Faraday's law followed by a passive integrator is a good solution. An induction coil as a sensor for ILDAS will be described here. We will discuss a window sensor as a special type of induction sensor proposed for ILDAS. 
II. RESULTS

A. Coil sensor
The output voltage V o of an integrator with time constant τ for 0 dB gain preceded by a coil sensor with flux capturing area NA, is
Where µ 0 is the magnetic permeability of free space and H the magnetic field strength assumed to be homogeneous over the sensor. In order to satisfy the requirement of 20 MHz bandwidth the number of turns should be limited. Prototype four-turn coil, with and without damping resistors are shown in Fig.2 . Windings were made of RG58 coax For comparison we checked a single turn coil with same flux capturing area. It has a resonance frequency at about 25 MHz but requires more space which is critical for using on aircraft. Bandwidth and available space should be balanced.
B. Window sensor
On an aircraft with metallic fuselage, the current flow and its associated magnetic field around a window can be employed. The magnetic field penetrates the opening (Fig.  4) and a special 8-shaped coil (Fig. 5) can catch sufficient 
Window sensor
The output signal of such a sensor can be calibrated to the local magnetic field at the window opening as if the window were not there. This field is proportional to the total longitudinal fuselage current:
where I is a lightning current, R is a hull radius. The magnetic field calculations and measurements results near the opening have been presented in [3] . Here we present additional information on the sensitivity of the sensor as function of position with respect to the window.
The magnetic field near the window opening can be derived from a scalar potential X given by Kaden [5] ; X is expressed in spherical coordinates (Fig. 4) for the region r<r0, π/2≤υ≤3π/2:
and for r>r0, π/2≤υ≤3π/2:
where r 0 the radius of the hole; r the distance from the centre of the hole; ϑ is the angle between axis Z to the plane and r; ϕ the angle between axis X and projection of r on XY plane.
Substituting ϑ = π/2 in (3) we can calculate the magnetic flux flowing trough the half opening:
where µ 0 is the magnetic permeability of free space, dS is an area element of the opening. The overall flux through the hole is 0, but the sensor is wound such that it captures the half-flux (5) twice. The integration in (5) has been made for half of the hole (0≤ϕ≤π/2) and then multiplied by 2.
For practical applications it is important to know how the sensor sensitivity is changing with the distance from the window. Let assume that the sensor is located at distance d parallel to the window and Φ d is the flux trough it (Fig. 6) . The direct calculation of Φ d is extremely difficult in this case. The flux through the volume limited by the opening (0≤ϕ≤π/2) and the window sensor is always equal zero. Thus the ratio between Φ d and Φ 0 can expressed: (6) where Φ 0 is flux trough the opening calculated from (5); Φ ϕ=0 is flux through the surface: ϕ=0, -d≤z≤0, -r 0 ≤x≤r 0 ; Φ s is flux through the surface: 0≤ϕ≤π/2; -d≤z≤0; ρ=r 0 . Fluxes Φ ϕ=0 and Φ s may be found from (7) where Si is the corresponding surface. Substituting equations (3) and (4) in (7) and using program Wolfram Mathemetica we calculated the ratio (6) for the circular opening with the radius 1 m. The calculated sensitivity is presented in Fig. 7 for the case when the sensor is parallel to the opening and located at distance -r 0 ≤d≤0 from it. The sensitivity is decreasing abruptly and more then 25% is lost at the distance of 0.1 m.
A test of an improvised window sensor was made by Culham during a simulated lightning test to a Nimrod aircraft. The current was injected on the nose of aircraft and extracted on the underside of the rear fuselage. It was shown that the window sensor output reliably reproduces the sensor with 50 Ω damping resistors and 50 Ω resistor at the output sensor without damping resistors and 50 Ω resistor at the output injected current. The result of this test will be presented in [4] . The impedance of window sensors with and without damping resistors is shown in Fig.7 . Windings were made of RG58 coax cable with shield interruption. The impedance seen at the sensor output is given in Fig. 8 . A first resonance occurs at 14 MHz, which is well damped by the resistors. The main advantages of this sensor are: inboard, no parts influencing air flow, no feedthroughs required, no additional holes through the aircraft hull, sensor in climate controlled area.
CONCLUSIONS
For the fast stroke currents the inductive sensors are the best option. The pick-up coil is designed for a maximum flux capturing area NA allowed by the requested bandwidth, fitted in the space allowed. The 80 mm diameter four turn coil is sensitive enough to be used for ILDAS. The damping resistors move the resonance frequency from the region of interest. Special internal window sensor as a replacement of external coils sensors on fuselage has been proposed. The sensitivity of the window sensor depends on the distance from the window and decreases by more then 20% with 10% of window dimension.
